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In the mors recent years the probiens in the design of 
aircraft lending gear have demanded more attention. Une of these 
prodvlens has been the optioum angle for suspending a landing gear 
atrut in such s mmnner as to gain the eost benefit from the spring 
syttes incorporated in the Innding gear strut. The study of this 
optigan angle appears to warrent further ansalytiesl and experi- 
mental work, and, therefore, wms chosen ne on appropriate subject 
for this thesis. 

The writer wishes to exorns: his aprreaciation to his 
adviser, Frofessor J. A. Viee, whose sugsestions, aseisteance 
and eriticisas have been most valuatle. Thenike nre also due to 
Lieutennnt Commander 5. ¥. ‘Turner for his able assistance in 
experinental work, and to others who agsnisted in the preperation 


nf this thesis. 
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The trend in modern aviation is tewards creater weight 
and faster lnnding velocities. Aa these two factors increase 
the nroblem of designing a suitable landing genre yet one which 
is as light os pessible becomes more diffieult. One avenue of 
approuch is to susvend the lending gonr strut at an angle such 
that the drag force caused by the initiel imact does not have 
an adverse effect upon the spring properties of the strut and 
the straesees prodnea_ad by these drag forees are ant sreater than 
those streeses which are induced when the landing strat snaps 
back after the spin-up of the wheel. 

Sinee very little in known about the optima angie 
for sussendiag a landing eear atrut, an investieation of this 
sub Jj*et was carried on in the Landing Gear Pit st the University 
of Alinnesotals Rosemount Resesreh Center. 

In thie investigation the drag forces, axial strat forces, 
tire deflections, and the relative mtion between vheel and the 
suepension point of the strut were meceured. The atrat and 
wheel of mn Bnvy SU0 type nircraft were asad in this tent work. 

Thies tnvestiqntion ie Limited in scope due to the 
following factors: (1) time avalintle for testing after 
completion of test equipment; (7) low simleted landing 


velocitins due to eutont of power plant: (2%) insufficient data 
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on coeffleient of friction of rubber under roiling ismaet 
londa; (4) ineufficiont deta on sliding friction in olee of 


strut; (5) inability to meacwre winking velocity accurately. 
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A mijor vert of the time devoted to this thesia wes 
spent im the constraction of suitable equinment for drop teating 
landing geer strats under simulated lnnding conditions. A ten 
foot diameter flywheel fron a Cerlian steam engine war mounted 
on pedestals in a pit leented fn Bullding 717A at Hosemount 
Hesearch Center. The flywheel wan driven by the use of an 
automobile engine through a reduction gear. Thie arrangement 


is shown in Figure 1 below. 








FIGURE 1 
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A greet acel of trouble sep encountered in obtaining the desired 
peripheral velocity am the flywheel dus to frictional type 
palleye on the reduction geer. The oerighers! velocity of the 
flyshee! eieulated the ground speed of an aircraft while lending. 
& pletfoam mounted upon ¢ pivet era «6:5 ueea for 
verying slmaleted slrereft weights ond itu free fo lling weloeity 
WS Used to Simulete alreraft sinking welecities. sm edjaeteble 
Linking aaa bung from the pletfore and inte this fitted a Linkage 
. through whieh the lending gear strat ene eumpended. This 





linkege bex coulu be reteted in the olene of simuleted lending 
direction for the parpove ef worying te emgle of incline tion 
of the lewding geer strut. Thess parve ere show anveel led 
with strut and wieel in Pigurea Z est 3 on the following pegwe. 

Tae strat weed in these te ts is th. sterterd Lenulng 
yeer strut aed on Rewy tyrve OBJ sircrm ft. 2 stenmbrd 77 inch 
sirereft wheel em tire were mounted on tie etrat. The ttrvt 
waa nerviced emi infleted e« directri is CRS me intenence 
wouscl. The ttrat ma suspende: Troe the Lintagr bor by zneons 
of » atenaeré TAT strat seaspencion brecket. 

Strein jeuges of the C-l type sere Sounte ot opposite 
scinte om the front emi reer of the leatlan gear fork to obtain 
Greg forces. The omc type strein - woes were soantel et 
os osite pointe om the inside ond outside of ta@ ieneing gear 


fork to meegure the exie. forces in tne otrut. 
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FIGURE 2 
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Tire deflections vere obtnined by mounting C-1 type 
strain gauges on a centilever beam. The end of the cantilever 
dens was dleplaced by the vertion] motion of the bottom of the 
axle, and eines the displneesent of the axle wat due to the 
tire deflection a reading of tire deflection could be obtained 
from the eantilever deflection. Cleo deflections were sencured 
by the use of = potentiometer which ves retated by a scissors 
atteehment between the stationary and sovable part of the oleo. 
Kountings of the above instruments are ghowi in Figure 4 on 
the following page. Rendings from the abewn inetruments were 
recoried by the use of strain enniyszers to which Brugh 
oecilioseopes wore attached for reeording nurpeses. 

the weighing eystem was Comoged of a Beam with two 
knife edges, one of which rested on ea Fixed upright while tie 
other rested on an uprigkt which in turs wae supverted by 
ormlinary vlietform seales. fhe tlre, bearing the similatedé 
nireraft weight, was ewororted on « third knife adge at a 
poien. near the middle of the Deas. This lever system ie shown 


in Figure 3 also. 
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THOTING PROCKUORE 


The linkeee box and pivot ara clsatform were calibrated 
fires for strut angle inclination and pointe of sumpeasion 
from vivnt ara platform. These onlibration points were taken 
e9 that at each teat angle of the strut tested the aircraft 
wheel would rest on top of the larce flywheel. These eali- 
bre tions were mde with the oleo fully comressed. 

Prior to each day's test work it was necessary to 
ealance the strain anelyzera used in recording the stroins 
and deflections of the strain guages and potentiometer. <Aftar 
halancing the strain analyrers the displacement curvas of the 
Brash esecilloseopes were callbreted. 

Tne dlaplecemont due to axial foree in tre landing 
fonr fork wae calibrated firat. This was accomlished dy 
tauraing the strat to ea vertices! position, allowing the weight 
ef the structure to rest on tire, oBtaining this weicht from 
the welehing system and noting tho deflection of the brash 
oscilloscope. It was possible to mike this type calibration 
due te the fast that the center line of the alreraft wheel wae 
displnced a sanlil awount from the center line of the landing 
geer fork. ‘This sanill amount of eecentricity preduced a ziven 
bending sonent for sach different vertical force acting on 
the aireraft wheel. Thie vertical force acting on the 


airerart wheel wae the axial foree in the landing rear fork. 
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The potentiqomater for wensuring sleo displacements 
was @nlibrated at the same tige. This calibration vas 
accomlishead by plotting Aleo @iepincenent in taches versus 
Brush escilloscoce displacement in millimeters. 

The cantilever strain gauges were calidrated by + 
noting tie deflection of the Brash oscilloncene in millineters 
due to a menenred tire defleetion in laches. 

The @raz force strain gaures were enlibrated by 
applying a drag force of known magnitate to the strut end 
noting the deflection of the Brush oscillesceve in millimeters. 

¥iyvheel revelations vere asasured by the use of 2 
stroboscore. The veriphernl velocity vasa cosputed in feet per 
segond nud used as sinmlated landing velocity. Sinking 
vyalocities were attnined by @repping the landing gear and 
pivot ara from « vertical height. There heights were anlcu- 
lated for the velocities which would be attained by a freely 
falling body. Dropning ws ande pos#ible by a onick releare 
wechanisn attached to the pivot ara. 

Having comleted these calculations the strut was 
sa% at the angle desired for testing. Teste ware began by 
bringing the flywheel ap to the speed required to sivulsate 
the desired leading qpaet. The nireraft wheel was raised by 
tke pivet are to the height reqnired to attain the sinking 


velocity desired at the tiae of soninct between tire and 
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revolving flywheel. The Brush oseilloscopes were turned on 

and the landing gear dropped om the turning fiywheel. The 

Brash oscilloscopes printed a record of drag force, axisl 

foree, tire deflection nad oleo dofleation verens tine. 

Another test at the same strut ancle could be ren ne f00n as 

the pivet are and alreraft wheel were raised to the height required 
to attain desired sinking velocity. The elapeed tine between 


such tests was approxim«tely two minutes. 
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TET DATA ABD RASULSS 


The results of theses tests are shown in Figures SA 
through 305. Figure SA is a plot of the suring characteristic 
of the tire used on the strut during teating, while Figure 53 
is a plot of the spring characteristic exhibited by the oleo 
when under stintic losds. 

Figure 6 ts a ealidration curve for the purpose 
of converting the data from the potentioneter, as recorded 
by the Brush recorder, into oleo deflection in inches. 

Tegt data as recorded by Brush oscilloscopes is 
shown in Figures 7 through 23. In these figures, the hori- 
zontal axis represents time, each five millimeters representing 
four one-bandreiths of « eecond. The top curve in each figare 
represents the drag force rarnendicnlar to the #trat and is 
warked drag. “he seeond curve in each figure represents the 
axial foree acting on the strut. The third curve in each figure 
represents the tire deflection and ie labeled cantilever, to 
correspond with the athod — nezsure the tire deflections. 
These curvos may be reed directly ty using the celibration on 
each figure. The bottom carve in onch figure represents the 
compression of the oleo and it Labeled potentiometer. This 
curve mast be reed by reference to Figure 6. The eum of the 


two bottoe curves gives the dieplscemint of the mes above the 
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section of the heavy Serk Line with tee curve. 

Teste with the wcbtreut in a wertical position end at 
ten degrees inclinstion show the Grag end exiel forces and he 
tire disglecewents to be approximately stralynt line varletion 
for « short time. 

The presence of friction in the moving part of the oleo 
da clwerly imadeeted im all figures. Thle friction is incice ted 
by te chenge le alege of ihe pet atlometer curve euich iniieoetes 
& slower rm te of disolecement of the oleo waen the curve fistiens 
out. By conjuring tae curves iniiceting Urag forees with the 
potentioacter curves inilestiac olee compreecion, it een be 
— that the moxieue crmy foresee correspond with « decrm ce 
in rate ef ainplecement of the cleo. This indicates thet toe 
friction La tae to the bending soment forees ofusel by the 
auras loude. An emgle of inclinetion of ten deprees shows Leos 
pronounced frictional effects on tha opermtio: of the clee then 
eo other angles of sus vengiocs. 

Figures 7 througa 14 inclente quite clearly thet drag 
fereces, exial “orces, end tlre deflections incresea with en 
inergese in sinking velocity. 

All of the curves indieate that tye Gey Torcen, anie. 


forces ent tire deflections anep out quite melitly. The 
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the optioum angle of inclinetion for ainiwum axial force to 

be approximately twenty-four degrees. 

The vending wements due t+ the drag forces »~roduce 
quite high atressen in the strut; these streeses are decreased 
very little ¥- the axial forces tines thay are gmill; henee, 
the optimum angle for oroducing miniwas drag ferens is the 
important angle to consider in design. 

Thes¢ tests sre not conclusive as to optima aazle 
for suspending a landing gear strut. Gther tests should be 
condueted in which the lending veleelty and gross weight of 
the S8J type alreraft are more neerly similated. Tests shruld 
algo be carried out with the strut suspended at a greater 


number of angles. 
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DATE: 7/9/49 TIRE PRESSURE 24# 

STRUT ANGLE 0° LANDING VELOCITY 52.5 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 3 F.P.S. 
PAPER SPEED 125 mn./sec. 















z 
4 
! 
{ 
+ 
} 
} 
{ 
{ : ee 2 
‘ 
. 
t a ei ee 
| 
t _—- = 2.) eee a 
| CUART NO. BL 9O9 THE GHUS4 DEVELOPME~T Mec 
b—— = nae . SS apes ae ee 
ON ee ‘ ; ; i | 
| | 4 7a ee 
a ne 
Lm afb ee a Pa os - =i se, eel - a 
1 } ; ; y t ' 
t : t i 4 ’ 4 ! 
oie ee oe i oe = oa es ---n =) -f 
7 a oo hes eae | 
Bc —— mt oy, ~- = -~ a - + — eee te —w —--l -- oe) 
L a ee i — 
a ae eer AXIAL qo oo 
Se epee ea a : A. ae ere ese we ae Le eee oe 
CALIBRATION: 
DRAG - 2 mm. = 128% 
AXTAL ~ 2.5 mi. = 462# 
CANTILEVER - 1 mn. ™ e325 in. 


POTENTIOMETER - REFER CURVE "A" FIG. 6 


—_— ye ye 





FIG. 9 


DATE: 7/9/49 
STRUT ANGLE 0° 
WEIGHT 1060# 


opie arse § 


—— od 


aft 


ee ie loot | 


CANTILEVER 


, GC feels jee G a rte 
4 PS Oe en. Sd Thin 8 oS. 2 
= Ss = sae : nnn me = = 
ee 2 wee ae eS 
+- et a ie Sarees eee mone — eS 
| 
& 
- oan « so et ~@ mee He ee eee ee eH , 
7 , 
{ 
t 
| F 
_-=— _ -_-—— - ~ 1 = _— — = - —~ —~-- -— = 1 
‘ 
: : a 1 ; i ‘ 
— += —— =- —_ aa a =“ — 1 - — we _— -_ eet 
: ' , { 
: ‘ . 
. eee ee —POTENSTONETER ot 
4 ‘ ’ < ‘ ‘ : 
‘ ; ' . 
. ' 
arenas scars eso 2 eo Sores Cees sok oS Se estore Noe a Py 


TIRE PRESSURE 244 

LANDING VELOCITY 52.5 F.P.S. 
DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 mm./sec. 
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POTENTIOMETER - REFER CURVE "A" FIG. 6 
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DATE: 7/9/49 TIRE PREGSURE 24# 

STRUT ANGLE 09° LANDING VELOCITY 52.5 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 5 F.P.S. 
PAPER SPEED 125 mm./sec. 
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CALIBRATION: 
DRAG - 2am. = 220% 
AXIAL - 5 mm. = 930# 
CANTILEVER - 1 mm, = .375 in. 
POTENTIOMETER - REFER CURVE "B" FIG. 6 
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DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 10° LANDING VELOCITY 55 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 2 F.P.S. 
PAPER SPEED 125 mm./sec. 
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FIG. 14 


LANDING VELOCITY 55 F.P.o. 
DROPPING VELOCITY 5 F.P.5S. 


PAPER SPEED 125 mm./sec. 


TIRE PRESSURE 24 


DATE: 7/10/49 
STRUT ANGLE 10° 


WEIGHT 1060# 
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Date: 7/10/49 
Strut Angle - 


Tire Pressure — 2h 


Weight — 1060/ 


Landing Velocity - 58 FPS. 


Dropping Velocity — 5 FPS. 
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DRAG -~ 1 ma. = 220% 

AXIAL - 5 mm. = 9307 

CANTILEVER - 1 mm. = ,375 in, 
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DATE: 7/10/49 TIRE PRESSURE 244 

STRUT ANGLE 26° LANDING VELOCITY 60 F.P.S. 

WEIGHT 1O6O0# DROPPING VELOCITY 2 F.P.S. 
PAPER SPEBD 125 mm./sec. 
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CALIBRATION : 

DRAG ~ 1 mm. = 220# 

AXIAL - 5 mn. = 930# 
CANTILEVER — 1 mom, = .375 in. 
POTENTIOMETER - REFER CURVE "B" FIG. 6 
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DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 26° LANDING VELOCITY 60 F.P.S. 

WIGHT 10607 DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 mm./sec. 
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An analyticel] atudy of the dynamic foreea in landing 
gear of aireraft is developed in the Anpendix. A comericon 
will be asde between the reeulte obtained dy test and the 
rewalts obtained by the anniytical aporosch. 

In the exnmle probles developed in the Aroendix for 
an engle of twenty-four derrees and a sinking velocity ef 

nree fast per second the displecement equation for wheel, or 


me. iat 
ty = .0n1ia7e"5-91% 4 Lomcage” 14-6708 
J 978-155 1568 ain 16.235t = .1136 eos 16. 238t) 
The following dieplacements are obtained! 
at t¢ = .02 second 
t, = 04472 iueh 
at t *& .07 second 
ty = 2.41 inehes 
¥rom test data of Figare 16, the followiag dispincenents 
are odteineds 
at t & .O% seeond 
tp = 075 inch 
at % = .07 second 
an % 2.25 Inches 


The abeve values have bees evaluated as true tire 


deflection. The tast date shows erenter tira deflections 
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shortly after lwpact than is obtained by ansiytical methods, 
while after n longer period of time the analytical anthod cives 
ereater tire deflection than is indiented by the test data. 
This indicates that the spring characteristic of the tire is 
not a constant as wed in the analytical method, bat varie 
with éiaplacement. 
The theeretion] aquntion for the dlenlacement of 
m, ist . 
2, = =~. 383407"? 928 _ noc sag—7 158.679 
i 078-155¢; cans nin 16.235t - .1584 cos 16.235) 
Vhe following disniscements are obtained: 
at t— = .0° seeond 
33° 762 inch 
att = .07 second 
t; = 3.41 inches 
For the sane time periods the test data produces thea 
displecesente talow: 
nt t = .02 second 
vy = 1.05 isehes 
at t = .07 seeond 
oy = 3.95 isches 
The test data shoves greater disvincements for a 
then ne ealcuiated analytienliy. Thia indieates that the 
spring constant ased in the annlyticen! calcalstion is very 
mil on initial ecoapreesiots and teat the damping is 


somMevhat less than calenlated. More exact sprine and 
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damming  Gonstants would improve the correlation between 
tost and analytienl resuite. 
| The maximum drag force and time of mxisun drag force 

for angle of O degree are calculated in an exemple problem in 
the Appendix. The following results are obtained: 

‘. ® .031 ¢e¢ond 

Pe max = 2140 pounds 

Teast data from Figare ? produee the following rewalts: 


t = ,08 second 


8 

P, mex = 1559 pounds 

The time at which the mxlaue drag foree occurs is the 
eame for analytienl and test results. The calculated a rimam 
drag foree is much larcer than the maxiqus drag fores obtained 
from test reoulte. This large variation dDatwoen theoretical 
and test reanits my be due to the fret that the coeffictant 
of frinetion was assnumed to be conatant and 7 sk WhS ASSWREd fh 
consteat. The assumtion that the eeefficient of friction is 
a constant is erroneous and further investigntion should be 
condacted to determine ite value. 

Ths ootises ancle of eusnension, as caleulated in 
the Appendiz, ia 25° 31', wheress teat reaults indieate the 
optimus: ancle of suspension te be arnroxzim:tely ten decrees. 
This necessitates « revision in the analytical] method of 


enlewlating the optimum anclie of suspension. The ensxiytical 
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retulte were also eamuted from test date, which requires 
further verifieestion. VYhe preceding lworovement in annlytical 
evaluation accomenied with more test dante to definitely 
establish the optimum angle will no Geubt produce better azgree- 
ment between theoretioni and tert resalts. 
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1. Te produce egunl beniing moments Jaring sin 
uy smd umap back of the strut, toe optiaun cagie for sus 
pending an OJ type elrereft strut ia as .roximisly ten 
GOELSGS » 

2. Winissam sxiel forces are produced by suspending 
the strut at an angle of epprozimetely twenty-four Jegreés, 

3. Frietionai forces impair the operation of the 
oleo end warrent further lavwestige tion. 

4. The eoefficlent of frictien of elrcraft tires 
during leniing ieoret ehould be inveetigeted mere thoroughly. 

5. The loni aePleciion eharacteriatics of a 


rote ting elreraft tire ahould be investigated wore thoroughly. 
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PRAOKY OF DYMAAIGC FoRCm 1a 
LAB DI du GEAR OY ALBECRAYYT 

A. fhe Spring Maca System for Landing Gear 

For the investigetion of the properties of a landing 
a8 shown in Figure 31A, it my be considered as a simplified 
system of two magses and two eprines aystess as now in 
Figure 415. Kase m represents elf of the mes above the 
landing gear, including the nirnlane end trose parts of the 
shock strat rigidly attached to it. Mass ey includer the 
wheel with tire and the parts of the gear attached to then; 
a, ie emall compared to am. fae shock strut or oleo will 
have both dagring and spring eheracteristies. The tire 
will also exhibit « gevring characteristic. 

Thais syatem droves to the ground with a sinking 
velocity of ¥,. Neglexting lateral forces and tending 
mments 2cting on the strat, the vaertiesl forces and sotions 
ean be found enslytierlly. Considering no Lift acting on 
the airplane these differential equations of motion ara: 

my %, f ile, - ay) ¢ lay - 25) = 6 

® ty 7 k, , - k (a, = 2) - e (2, - 2,) = 9 

By letting 
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the following equation is formed: 
s*ias foe? des faz 


The solation of this equation results in four roots. 
fhese roote my be aither real or eomlex. If all reote are 
renl, critical deming has been reached and subsidence 
motion cecaurs. Comlex roots indileate dammed vibratory 
motion. The equations of motion become: 

2 = agtit 4 de®at J Getat J De tet 

2, - gi,tit J gi,8ot d gt,tzt Z ptetat 

vhere ab = 714 
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By ieosine four Doundary conditiane on the above 
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equations of aetion, the four uaksown eoastants my be found. 


At tise of lmpect or t = 0 


) ‘ 
} which are static deflections 


‘= &. : ‘.. (Sinkine velocity of airplane) 
fane the equations beeom: 
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Ve, = Ag, + Bep + Cag 4 DS 

Vag * 1noy + aan +7 3003 + 7 4Dry 

The vertionl force uae te the vertices: sctlon thon 
bes sess 

Pat = glaze tz) 

Pet = SeOo + Ry(]se¥lt » 7 opebat 

#7 se0mst + 7 pebs®) 

As sn expaple oroblea, copolter th case of the strat 
umuer test ot an engle of 24° ema 2 sinking veloelty uf 3 feet 
pur sweond. 

@, * 29.16 Ubenwec,” 

ft. 
a. = 3.76 Wisc set et 


Tre damping const. st ie foumi by geiring use of the 
tezt dete. The slepe of the pot mtiomster curve at time t 
le gewd te find tow reletive valecity between =, smi mo. This 
L6 the velocity at @.ien an integrated pert of the etret is 
aoving through e viecoua sedium. The Sotior through the 
viscous maliiuwa .reneceé Geaping. The sxini Perce in the 
strat et time + les. the soring force See t: cospregsion of 
we cleo iz the foree ive te deaying. Then the Gdemsping conctent 
ee fF = 653 baie. 
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k, > 11.250 in/tt (Hafereace Figare 5A) 
k = 1,485 ib/ft (Reference Figure £8) 
J = 24° 
¢, = ¢ eos 24° 

= 59S 1b.8eee 


ft. 
k, = & ces 24° 
= 1,535 1o/ft 


k. = 11,250 1b/rt 


a 
Tha static deflections frow equilibriue sesition at 


t= 0 are: 


He 4, 


7% 7 3 ft/sec. 


2, 4, = 3 ft/sec. 
The eqantione of xeotion are? 


“se SZ ft. 


29.16 Hy f 1585(5, - ap) # 59G(2, - 24) = 9 
376 "ty } 11,2502, - 1535(s, - t.) - 595( 2, - 2.) - 0 
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the following equation ie formed 
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The roots of this eqantion ares 


= «7.0 
%, B01 


®3 
he ~$.155 { 16.2381 


= =128.679 


‘ = «9.155 ~ 16.2554 


The equetion of motisn becones 


4 ne 25-29818) 
a, = adg Slt 2 yl ,-268.879¢ 1 ,-8.155b( 01,16. 2051t 
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4 pi, lS. 2751t) 
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si 


- 2534 
= @, 901533 
=oQ7922 =~ 921081 
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B 
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D = +.07922 ¢ .082034 
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0911879 


as 


g' =  oo10ss 
o4 = 1.08192 = .068401 


pt = w~.cm1ae 4 .0en4os 


~3.016 


2 = «. 2584e < 000158397 153-679 


4 F586) oaans sin 16.235¢ ~ 1884 cos 16.235) 
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3. The Orag Forces for the Spin-Up of the sheeis 
4e am aireraft wheel touches the ground, s roritrental 
drag force apvoears. This drae force accelerates the wheel 
rotation uw to lending apeed. The ratio Ddetwren the hortsostal 
trang foree and the vertical tire load is expressed by 


ASP, . There are severnl Kinds of contact between the tire 
Pat 
vad landing surface during the aceeleration of the wheel. This 
contact varies from comlete sliding at time of imect te pure 
adheaion at the time the wheel haa accelerated to the landing 
velocity. in this analysis “will be treated as a constant. 
Assuming a constant radine r, for the wheel since the 
change in radius is smll during the acceloration ceriod, the 
acceleration ocuation beco ser 
Pe = wag 
or 
ye Pat's ’ ie 
Daring the ceried of acceleration Pt is assumed to 
be a linear function such that 
P et = At 
where # is s constant 
Att BF 1s 
Integrating with Feopeact te t 
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at¢%t=2o, 68090 
therefore K = 6 
at t2t, as% 
| 
= time of slio of tire on ground 
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t = /2i,, ¥ 

& sant | 

The mazimam drag force ocours at t = t, thus, 

P emae = “Bt, 

Ae sm oxmnmle oroblem eontider the case of the strut 
suspended at an angle of 0°. 

Since the coefficient of friction is mot kmown it is 
trken as the rmtio of the drag force in Figure 7 over force 
dae to tire deflection in Figure 7 at a given time ¢. 


+2 .04 sec. 


AM 6% 


This walue of ® is not known omd is taxzen as the 


ratio of the force ane to tira deflection ovar time from 


Fieure 7. 
$= .04 
RS 42,999 lb/sec. 
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a = 2.1 eluge-ft" (Reference Laport 
BS Bhd Fah 26 GRAB dy 
Vy, > 52.5 ft/ace. tngineeriag Laboratory 


Air Material So-nnnd) 
‘. 2 1.12 ft. 


te = axed a ik 
63 x 42,000 x (1.12) 


= OTL second 
The saxiwua drag fores occurs whea slipoing stons. 


K Bax ~ Sf “%gh 
= .63 x .81 x 42,000 


= 214" 1b. 
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Ge Untiman Angle af Snepension 

in order to caleulate the optigum angle of suspension 
it is newessary to take inte considerntion the ensp back of the 
atrat after the initial impact has taken place. Tate sno} 
back farce is due to the inertia foree of tha wheel anes setting 
upon the etrat, which acts as a enntilever epring. The 
differential equation of motion during imact is 

tint f ex =P, 

P_ At 
mx é ex > “Rt 
The solution of this equation is 


x2 A etn Ot / 8B coos ot ¢ “ARE 
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at $20, 220, =O 
- - B20 
Ae- 48 


Oe 
thea xs =< 4 () sia wt = t) 


¢ 
wat z= 22 (1 ~ cos @ ) 


If the drag foree suddenly disapnears at t = t,, the 
@yuction of tre eecond periad is 

ax f ex = 0 

The solution of thie differential equation ia: 

zl A gin wt fh con ot 


at t= t. 
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B= Ry * SB (t, ~ 4 sta ot) 


Fy, By. eos wt.) 


If s aew time ordinate t* = t - t, instend of t, 


at t* 3 @ 


s = <M, ~ 1 vin Wt.) 


4 24 
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The elastic fored in 
ex = ofA sin w t* JB coe ~ t*) 
To obtain tas best angle of inclination tris followiag 


force eQuation raralts: 





Pus zeiad ¢ (ex) stad ® P, cos S 
fron whieh: 
tend = .. = aaa 
(1 4 gy). (1 # gx) 
Ps Py 


Faia wethed wlll aow be used ta caleulste the op tian 
angie of guepension. Use will be mde of experinental data 
eoliected from tents on the stent at cero angle of inclinantion. 

The period of vibration of the cantilever apriae sz2ten 
ie tnken at .15 seconds from figare 7 of experinental dn ta. 

TS .15 see. 

Qs -E = 41.3 rad/see. 


t= .08 sec. (tiee of complete rolling) 
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at. = 192° 
Ae .83 
RS 42,090 
AAR # 36,400 
Gaing this data the fellowlag constants are 


ealculated: 


3 3 gaio 
¢ 


The elastic foree is: 
ex = 1280 sinwt* 4 2210 cos wt" 
This elastic force is » waxiwan st 
t* = .O258 see. 
Cex) ony * 2360 
Tae vertical force occuring at this time is 
Pog? = at" = 5959 
tae J = 263 

= ga6o 

5250 
The optimum ancle Seeowes! 
Js 23° . 31! 
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D. Gotation | 
% = Displacement of m in zc - direetion 
Sq > Displacement of m, in ¢ - direction 


a = Half of ailrplene ass without mages of the 


wheel and the attnched parte 


®., ~ Masaes of the wheel and tae attached parts 
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Qleo apring constant 

Cleo damming constant. 

Oliee apring comatant ia « - direction 
Oleo epring constant in x ~ direction 
Tire soriag conetant 

Oleo damping constant in s - directioa 
Qles dam@ing conetant in x - direction 
Yoree pergendicalar to oleo axis, operating 
in the center of the wheel 

Boring force of tan tire 

Sinking velecity 

Sanding veleeity 

Tine 

Radius of tire 

Agwent of inertia of wheel with regard to 


the seater 
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A = Soeefficient of friction 

of 2 Slope angle of the shoek strat in comparison 
to the perpendicular of ths ground 

Q «= Wheel ~ spin ancle 

GJ = Bending frequency of the enntilever sirut 
assemly 
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